Introduction
In the US, pediatrics residency programs are the third largest medical specialty in terms of the number of residency positions; in 2015 alone, there were 3,936 applicants for 2,668 pediatrics residency program positions. 1 Before being able to practice as a pediatrician, a physician must pass the American Board of Pediatrics (ABP) certifying exam. In the US, between 2012 and 2014, the average pass rate for first-time takers of the ABP certifying exam was 86.74%. 2 While this rate is relatively high, those who fail the exam can only retake it a year later. Additionally, the Accreditation Council for Graduate Medical Education (ACGME) requires pediatrics residency programs to achieve a 70% pass rate for first-time takers. Thus, failing the board certifying exam has a considerable negative impact on the track records for residency programs.
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The majority of observational studies in various medical specialties have shown that board certification is associated with quality of care. [4] [5] [6] [7] Thus, finding ways to improve the pass rate of the board certifying exam could boost the reputations of residency programs as well as improve patient outcomes at training centers. Unfortunately, there is limited information on what program characteristics best influence the pass rate of the ABP certifying exam. Previous investigations on this topic showed that program location and size, United States Medical Licensing Examination (USMLE) Step 1 scores, city population, and whether the program was a dual internal medicine-pediatrics program were significantly related to the pass rate. [8] [9] [10] [11] Performance on in-training examinations was not significantly related. 12 Similar results were found in a study of factors affecting the pass rates of the American Board of Family Medicine certifying exam, in which the significantly related factors were program location and size, accreditation cycle length, opportunities for international experiences, and training in alternative medicine. 13 The current study aimed to evaluate the relationships between the pass rate of the ABP certifying exam and the characteristics of 3-year categorical pediatrics residency programs. A better understanding of these relationships will benefit various parties, including program directors, who will be able to improve the educational quality of pediatrics residency training; residency candidates, who will be able to make a better career decisions; and patients, who will obtain a higher quality of care from better trained pediatricians.
Methods
Using a retrospective, cross-sectional design, this study evaluated the relationships between the pass rate of the ABP certifying exam and most of the program characteristics available in the Fellowship and Residency Electronic  Interactive Database (FREIDA  ® ) . This study covered all 3-year categorical pediatrics residency programs in the US, including the US territory of Puerto Rico. The program characteristics of these categorical pediatrics residency programs were extracted from FREIDA ® on May 9, 2015, using a computerized automation program; there were 69 such characteristics in total. The 2012-2014 pass rates of the ABP certifying exam, which were the most recent rates at the time of study, were obtained from the ABP website. 2 The only exclusion criterion for residency programs was not reporting the pass rate.
Of the 69 characteristics, six dealt with location and general information, six with the number of faculty and trainees, six with work schedule, three with the educational environment, 17 with educational benefits, seven with educational features, five with resident evaluation, four with program evaluation, 13 with employment policies and benefits, and two with compensation and leave. The majority of these variables were dichotomous, while the rest were either continuous or categorical.
Regarding location, the pediatrics residency programs were grouped by the ten regions reported in FREIDA ® (Table 1) . Program size was calculated using the average number of residency positions from postgraduate years 1-3. Two types of exam scores are commonly used as requirements for interviews: the USMLE and the Comprehensive Osteopathic Medical Licensing Examination of the United States. However, because the majority of residency programs used only USMLE scores as a requirement for inviting candidates for interviews, only USMLE score requirements were included as a characteristic in the analysis for this study. I did not consider the number of faculty members in each program, because a more meaningful measure, the ratio of full-time equivalent paid faculty to positions (faculty-to-position ratio), was available. Other non meaningful or hard-to-quantify characteristics (eg, visa status of international medical graduates, major medical benefits, sick days, call schedules, and average score requirement) were similarly excluded. All statistical analyses were conducted with STATA version 13.0 (StataCorp, College Station, TX, USA). All categorical variables were dichotomized for the purposes of statistical analyses.
The main assumption of this study was that the data would form a normal distribution at the population level. As such, data were presented in terms of mean ± SD for continuous variables, and number (%) for dichotomous variables. In the univariate analysis, the relationships between pass rate and all program characteristics were identified by univariate linear regression. Only characteristics with P-values ,0.10 in the univariate analysis were entered into the multivariate linear regression analysis, which was intended to identify the significant independent predictors of the ABP exam pass rate. In the multivariate analysis, the significance level a was set at 0.05. Being a retrospective and nonhuman study, this study was exempted from institutional review board (Rajavithi Hospital, Bangkok, Thailand) approval.
Results
According to a FREIDA ® search, at the time of study, there were 199, 3-year categorical pediatrics residency programs throughout the US. Five of these programs were excluded because they did not report the ABP exam pass rate; thus, 194 programs were included in the analysis. The baseline characteristics of all programs are summarized and presented in Table 2 . As shown in Tables 1 and 3 , the average pass rate of the ABP certifying exam for the entire US was 83.82±12.92. By region, New England programs had the highest average pass rate (91.98±7.81; P=0.031), while programs in Puerto Rico had the lowest average (45.02±33.78; P,0.001).
The univariate linear regression was performed to identify program characteristics with P,0.10. As shown in Table 3 
Discussion
In most past studies, program size was significantly associated with the board pass rates of many specialties, pediatrics included; 11, [13] [14] [15] this was similarly found in the univariate analysis of the current study. However, the multivariate analysis revealed that faculty-to-position ratio, and not program size, was a significant independent predictor. Given that the inverse of faculty-to-position ratio is the number of resident positions per faculty member, meaning that it relates to program size, it is possible that program size is just a confounding factor. Furthermore, until now, there has been no information on how faculty-to-position ratio relates to the pass rate of the ABP certifying exam, although this same relationship was recently found for internal medicine residencies. 16 Thus, as long as residency programs have a sufficient faculty-to-position ratio, their sizes should not matter. Conversely, increasing the size of program without increasing the number of faculties may have a negative effect on pass rate.
The finding that %USMD was a significant predictor of ABP exam pass rate is unsurprising. In the past, a study on board pass rates in general surgery found that highly competitive residency programs are more likely to attract similarly competitive residents. 17 Moreover, competitive medical specialties usually have higher matching rates among US senior medical students from Doctor of Medicine programs, 1 which implies that such programs should have higher percentages of these students. Therefore, it follows that programs with a high %USMD will have more competitive residents with a stronger drive to pass the board exams, thus increasing the pass rate. The last significant predictor in the multivariate model was average hr/wk of lectures. As shown in Table 2 , the average hr/wk of lectures had a mean of 7.25 hr/wk and an SD of 1.92. Although one might infer from the SD that the differences among the programs were rather small, 1.92 hr/wk is still equivalent to 99.84 hours per year or 299.52 hours every 3 years. In other words, increasing 1 hr/wk of lecturing time is equivalent to 52 hours per year. This accords with the findings of a study of emergency medicine residents who were at-risk of failing, based on their in-training examination performances. The study found that individualized educational plans (eg, self-study audio review lectures) could improve these residents' board pass rates. 18 Thus, both statistically and intuitively, pass rates can be improved by increasing the amount of lectures or academic activities.
The vast majority of program characteristics were not independent predictors, including location, which was previously reported as significant predictor. 11 These discrepancies could have arisen from different statistical methods, variable types of characteristics and pass rate, population samples, or assumptions. It is worth noting that the data from FREIDA ® reported only the usage of in-training examination scores for evaluating the performance of residents, not the average scores in the program. For this reason, the current study could not measure the association between in-training examination scores and the pass rates. Specifically, I used multivariate linear regression, and treated board pass rate of residency programs as a continuous variable; other studies might have dichotomized the pass rate, used t-tests, or determined the correlations between individual pass rates and associated factors. This study has several limitations. First, the data from FREIDA ® and the ABP website were not immune to human errors by data reporters or gatherers. Second, no programs that opted out of reporting program characteristics to FREIDA ® could be studied; whether programs opt out of reporting might be a predictor of pass rate. Third, I included only data on program characteristics collected at a single point in time, which does not allow me to infer whether these relationships change at different times. These limitations can be resolved by conducting further analyses with a larger dataset and with a longitudinal design. Furthermore, despite the limitations inherent to self-reported data, I believe the findings of this study can still be applied to most pediatrics residency programs in the US.
The results can also be used to improve pediatrics residency programs. First, programs should not focus on increasing program size, but rather on improving the level of supervision by balancing the faculty-to-position ratio. Second, programs should pay more attention to regular academic activities, such as lectures or conferences, as this would help pediatrics residents achieve better academic performance, thereby improving patients' outcome. 
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Conclusion
Passing the ABP certifying exam relies on the competitiveness of individual residents and the quality of the training environment. In practice, these two factors are closely related. The fact that faculty-to-position ratio was a significant predictor highlights the benefits of a well-supervised training environment, whereas a higher %USMD indicates the necessity of greater competition in residency programs. Finally, a longer time spent on regular academic activities is associated with better academic outcomes, both statistically and intuitively.
